US008859137B2
a2y United States Patent (10) Patent No.: US 8.859.137 B2
Fujisawa et al. 45) Date of Patent: *Oct. 14, 2014
(54) FUEL CELL SYSTEM USPC ........... 429/163; 429/471, 361/616; 361/667;
(75) 1 Kimiko F Wako (IP): Tet 312/223.5,312/223.6
nventors: Kimiko Fujisawa, Wako ; Tetsuya : : ;
Ogawa, Wako (JP) (58) Field of Classification Search
None
(73) Assignee: Honda Motor Co., Litd., Tokyo (JP) See application file for complete search history.
(*) Notice:  Subject to any disclaimer, the term of this (56) References Cited

%ﬂtséf(l:t 1185 Z?’({Sfieg g;’y‘-’;djusted under 35 U.S. PATENT DOCUMENTS

: : : : : 3,175,126 A * 3/1965 Hardwick .......ccoooveeeni 361/616
gll;iingftem 1s subject to a terminal dis- 6,142,802 A * 11/2000 Bergetal. ..o 439/180
| (Continued)
(21) Appl.No..  13/637,151
FOREIGN PATENT DOCUMENTS
(22) PCT Filed: Mar. 15, 2011 .
t__P 60-014606 1/1985
(86) PCT No.. PCT/JP2011/056679 P 09-009a2 1997
$ 371 (o)(1) (Continued)
(2), (4) Date:  Sep. 25, 2012 OTHER PUBLICATIONS
_ U.S. Office Action of U.S. Appl. No. 13/637,147 dated Mar. 26, 2013,
(87) PCT Pub. No.: WQ02011/132487 .
pages.
PCT Pub. Date: Oct. 27, 2011 _
(Continued)

(65) Prior Publication Data

Primary Examiner — Milton I Cano
US 2013/0029237 Al Jan. 31, 2013

Assistant Examiner — Wojciech Haske
(74) Attorney, Agent, or Firm — Rankin, Hill & Clark LLP

(30) Foreign Application Priority Data
Apr. 21,2010 (JP) oo, 2010-098217 (57) ABSTRACT

A Tuel cell system includes a fuel cell module, a combustor, a
(51) Int.CL tuel gas supply apparatus, an oxygen-containing gas supply
HOIM 824 (2006.01) apparatus, a water supply apparatus, a power converter, a
HOIM 8/06 (2006.01) control device, and a casing containing the fuel cell module,
HOIM 8/04 (2006.01) the combustor, the fuel gas supply apparatus, the oxygen-
HOIM 8/12 (2006.01) containing gas supply apparatus, the water SPPPIY apparatus,
(52) U.S.Cl the power converter, and the control device. The casing
CPC ' HOIM 8/2475 (2013.01); HOIM 8/2425 includes a casing body having an opening 1n the front face and

a slide door that 1s 1nstalled onto the casing body. When the

(2013.01); YO2E 60/50 (2013.01); HOIM slide door slides horizontally, the opening 1s opened/closed.

8/0612 (2013.01); HOIM 8/0494 (2013.01); The power converter and the control device are attached onto
HOIM 2250/10 (2013.01); HOIM 8/04089  the slide door at upper and lower positions.

(2013.01); HOIM 2005/1293 (2013.01); YO2E
60/525 (2013.01); HOIM 8§/04388 (2013.01) 14 Claims, 12 Drawing Sheets

A




US 8,859,137 B2

Page 2
(56) References Cited JP 2007-294296 11/2007
JP 2010-067352 3/2010
U.S. PATENT DOCUMENTS WO 2008/114570 9/2008
WO WO 2008114570 A1 * 92008 .............. HOIM 8/04
WO WO 2008116486 A1 * 10/2008 .............. HO4M 1/02
7,518,863 B2 4/2009 Wayman et al. WO 5010/016307 27010

2011/0159391 Al 6/2011 Saito et al.

OTHER PUBLICATIONS
FOREIGN PATENT DOCUMENTS
“Fuel Cell System”, Kimiko Fuisawa et al., U.S. Appl. No.

JP 2001-350434 12/2001 13/637,147, filed Sep. 25, 2012,, Co-pending Application.

JP 2003-297409 10/2003 Japanese Office Action (Application No. 2010-098214) dated Nov.
IP 2004-135373 4/2004 12, 2013 and partial English translation, 5 pages.

IP 2006-086017 3/2006

IP 2006-140164 6/2006 * cited by examiner




U.S. Patent Oct. 14, 2014 Sheet 1 of 12 US 8.859.137 B2

N I
N N
f |
\ !
\ \
\ \
\ \
Y it it N AT 7T TN
” \ (\ d \ <
\ \ \
S T ~r \
v vy OO \
\ “1 , \
\ \ \
o S ©
\
e®) N R O \‘.
) CO \ \f\ m \
___________ | U S 4
\ _f\ ') fy\ )_- F_'_')
_____________ - \ \
1.,_*- : . J:'____ .1‘_,_/

ML

/ 4
A o O % ( -
o~ L) T?'z o E ;L"J L——:J N
o | \
_____________ R N
| ‘ _‘1
_______ I RN R [P A —
1O fﬂ: / ! —\1 -\\\‘
; O I T
LO ;o N L » O \ - T—
/ \ oo T O~ L "‘ 'y
\(" \ o \ ‘\"
,‘1 \ \ \1\
- p -— e ———— — - e == ﬁ: === :,) -
-J \ / ’ o
< _ \ ! / / 7
— / ;7
| ., !;f
/ /
Y Vo e e — - _+ ____________ V2
- ! 4
S o9 N 77 I ”
o | 1—"'| ff
L =
—

267



U.S. Patent Oct. 14, 2014

F1G. 2

14

00

MODULE SECTION

— e = -, ot A R -, i s ——

FUEL CELL
MODULE

ik iy e . - e kA WS P

L — — - - — — il . — — — -

Sheet 2 of 12 US 8.859,137 B2
16
~—26
FLUID SUPPLY SECTION
E DETECTOR [ 20 [ 62
i 78

— iy o —— ol gy m—— s

ELECTRICAL EQUIPMENT
SECTION




US 8,859,137 B2

GG
98 W I43LYA
M| ZE\ONLIYINSNT 1V3H
07 (8
~ MOLSNENG) ”
bz 8¢ | |
gl
- S - 71
= 8- & S&Sr”
S8
j
72 e
91-1-" " 4ALYIANOD 4140434 YIONVHOX3
........... 1VIH
- - 40 1V40dVAT
= SYD ISNYHXT =----- . --
D) V] — r_|.|..|..,[ i 8¢ * m 0¢
. SYD ONINIVINOI-NIDAXQ =-—-—-~ 95" NOTL193S i
g VD T = - ~ININAINOI V01410373 NOTLO3S TTNAOK |,
(NOI193S A1ddnS ainid) oL 29 8L  Y¥IOHNVHIX3 bl
1V3H 01
¢ Dl

U.S. Patent



0¢

US 8,859,137 B2

vS
SNLYYYddY
Y A1ddnS 43LVM
r=———=me——eaaae - - _ _
oo @b L] SNLVYVAY ATddNS "
" L SV ONINIVINGI-NI9AX0 |
3INA0N m 4 _ "
17139 73n4 ﬁ 1 (d0LSNAROIL - _ ” 43 143ANO)
o o] _ m 43nod
s R SO & m m
N 4 ! " m m
7 | 4010313 _" m m
S R w w
= " m “ " _ A
=~ T0YINOD = - - “ " m _ ”
< ADYINT T¥O1¥19377 = m m " “ “ | AaLve |
. SVD 1SNVHXT =-==-- m m m m m ASYANOD3S
o o 304105 43H0d
ONINIVINOD-NIDAXD ~—-—-- AOTAIT 1081NGI WIOHINN)
SY9 AN =-- v QY0

N 2 1 E

U.S. Patent



US 8,859,137 B2

Sheet Sof 12

Oct. 14, 2014

U.S. Patent

FI1G. ©

62

O _
I N
I !
\ \
\ \
\ \
1 \
!
AN\ e R A
\ «x.. ’ \
A \ \
\ \ \ \ A
\ \ \ \
\ \ \ i
\ \ \ 4 \
\ v VOO0 \
\ v V¢ \
(A %] \ v y | o \
N \ \ \ / O \
8 ] \ A 8 \
\ _.c_..__,; \
S I T S 3
\ / i\ 7 /
< ¢\
llllllllllllllllllll ﬂ _—..l —— — L J. IF_I_..I.III.II I_l d.l.. — — I_...q
v A.T |....,.
- =
““.‘.‘_‘. “.‘.‘“‘
f f 7S 4 NSNS

,ﬁ
(

— /T M

-~ -

.__._..
( )

- 7 T T

- = -3

\ AN SRR N AN S AN NSNS NN NN ’f’f’.’””””””””””’4’”””’

O
N



US 8,859,137 B2

._....J....._...

_ D
_ _
~ |
- J _
y— _ _
Col _ "
& _ _
& _ _
! _ _
a b __ _
a b’ _ _
e :
) _ ,
| |
_ |
A

A
=t __
y— _ _
— _ _
gl _ _
. ._..r _ _
~t <
y— ....... _
L ]
m |

Vi 001

U.S. Patent

A



U.S. Patent Oct. 14, 2014 Sheet 7 of 12 US 8.859,137 B2

O
() rrr77) ~<— OO

i NNy

L]
FEFFSN
VN ey

- L2 (== (Fr-=-9 Ko
» © O - Lo Sy
ﬁ- - r"""l-. JI' 'i. f.-'
<r | \ - ™
—_— oy RN —-——_-—-—_-—_——— = — — s =——— == F——_———— - dp - = — -\
f ‘ \
____________ N [V
| ] ; \ - —
/oy ol \
oo > o AT
/ \ o0 - vy A __OCO
’f \ \ \‘ 4__,.""" —
\ \ "\ -
)_‘ _— e e P L T T T TS #: === ﬁ .} l
\ / / /7
\ y / I,
\ / / . /
Voo / ; — =
\ / / f;’
V. o e e e - — _}4_ ____________ J___....Jf
f r
_____________ S o
i
|
N
'F

FIG. 7

142 7



SNLVYVddY A'1ddNS

US 8,859,137 B2

a9/
02
IREIRT
Pl— ONILYINSNI LY3H 55
m M. uuuuuuuuuuu J“ MO._.WDmEOO _ .Vm
S “ "
- PR L 0¢ - 71
E 91-- 2
2 Ct Q —— L )
7 P,
W, —
= 43Wu043e 4IONVHOX3
Q SYH ISNVHXT =-=---- 1¥3H
5 SY9 ONINIVINOO-NIOMO w—== | K3 Y
SVO 144 = -~ NOI 1938 | _
o e IGERR TR NTRERE NOI193S IINAOW
(NOT L3S ATddnNS ainid LS¥Id)eg/ 8 YIONVYHOX3 b/

1V3H 0T

U.S. Patent

g 9l



US 8,859,137 B2

Sheet 9 of 12

Oct. 14, 2014

U.S. Patent

3
_
)
|
_
h
_
_
_
|
|
_
_
|
|
. "
_
—-1) <
- |
FR=N o | | _
"... - _ﬂ I.n.l....“.... _" _ - " "le | "
- ~ T T — _.........._I — | _
Ve s I\_“, afTo=4-08 |
| - Ly | |
. St u_
T
m r ...\\_.J_" _
m T = "L».ﬁ.
S N <
_ _ 4 | | mm
" H .._ ...,f.._“.il_“l_. o_.— .?N
_O@N b @—.
- .....l...,_.... | | ﬂ .wo—
¢ AR 0G :
| L
|
901- ” Y
| o DT
FA.:




US 8,859,137 B2

Sheet 10 of 12

Oct. 14, 2014

U.S. Patent

PRIOR ART

F1G. 10

00
P



U.S. Patent Oct. 14, 2014 Sheet 11 of 12 US 8.859.137 B2

PRIOR ART

~— 1011
1012

1 ad
1015 1013 1014




U.S. Patent Oct. 14, 2014 Sheet 12 of 12 US 8.859.137 B2

1021

Lo
-

'r“

PRIOR ART

- v AP "aV. 9 Y.
SX :‘v’*‘4.:‘:‘#’*"*“““#‘%,

FIG. 12




US 8,859,137 B2

1
FUEL CELL SYSTEM

TECHNICAL FIELD

The present invention relates to a fuel cell system including
a fuel cell module, a combustor, a fuel gas supply apparatus,
an oxXygen-containing gas supply apparatus, a water supply
apparatus, a power converter, a control device, and a casing
containing the fuel cell module, the combustor, the fuel gas
supply apparatus, the oxygen-containing gas supply appara-
tus, the water supply apparatus, the power converter, and the
control device.

BACKGROUND ART

Typically, a solid oxide fuel cell (SOFC) employs a solid
clectrolyte of 1on-conductive oxide such as stabilized zirco-
nia. The solid electrolyte 1s mnterposed between an anode and
a cathode to form an electrolyte electrode assembly. The
clectrolyte electrode assembly 1s imnterposed between separa-
tors (bipolar plates). In use, normally, predetermined num-
bers of the electrolyte electrode assemblies and the separators
are stacked together to form a fuel cell stack.

As the fuel gas supplied to the fuel cell, normally, a hydro-
gen gas produced from hydrocarbon raw material by a
reformer 1s used. In general, 1n the reformer, a reformed raw
material gas 1s obtained from hydrocarbon raw matenal of a
fossil fuel or the like, such as methane or LNG, and the
reformed raw material gas undergoes steam reforming, par-
t1al oxidation reforming, or autothermal reforming to produce
a reformed gas (fuel gas).

In this regard, a fuel cell system having a single unit case
contaiming a fuel cell, a reformer, a power converter for con-
verting direct power electrical energy generated 1n the fuel
cell according to a power supply output specification, a con-
trol device, and auxiliary devices 1s known.

For example, 1 a fuel cell power supply apparatus dis-
closed 1n Japanese Laid-Open Patent Publication No. 2003-
297409, as shown 1n FIG. 10, lateral bars 10014, 10015 are
provided 1n a frame 1001 of the unit case to vertically divide
the space 1n the frame 1001 1nto three stages. A reformer 1002
1s provided on the lateral bar 1001a 1n the upper stage, and a
control device 1003 and a fuel cell 1004 are provided on the

lateral bar 10015 1n the middle stage such that back sides of

the control device 1003 and the fuel cell 1004 face each other.
Heat insulating material 1003a 1s provided on the back sur-
face of the control device 1003, and heat msulating material
10035 1s provided around the control device 1003 to protect
the control device 1003 from the ambient hot environment.

Auxiliary devices such as a fuel pump 1005 for supplying
a raw fuel to a reformer 1002 and an air pump 1006a for
supplying an air as a reactant gas to the fuel cell 1004 are
provided on the bottom plate of the frame 1001. An air pump
10065 for a reformer burner 1s provided on an auxiliary rack
1001 ¢ at an upper position of the frame 1001, and a PG burner
1007 1s provided in front of the air pump 10065 for the
reformer burner. A power converter 1008 1s provided on a side
of the tuel cell 1004 on the floor of the frame 1001.

Further, for example, in a fuel cell generator apparatus
disclosed in Japanese Laid-Open Patent Publication No.
2006-086017, as shown 1n FIG. 11, a case 1011 contains a
tuel cell 1012, a fuel reformer for producing a fuel gas to be
supplied to the fuel cell 1012, a gas supply apparatus 1013 for
supplying a gas to be reformed to the fuel reformer, a water
supply apparatus 1014 for supplying water to the fuel
reformer, and a power converter 1015 for converting direct
current electrical energy generated 1n the fuel cell 1012 into
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2

alternating current electrical energy, and supplying the alter-
nating electrical energy to external loads.

The tuel cell 1012 and the fuel reformer are provided at an
upper portion in the case 1011, and the power converter 10135,
the water supply apparatus 1014, and the gas supply appara-
tus 1013 are arranged at a lower portion in the case 1011 such
that the gas supply apparatus 1013 1s positioned between the
power converter 10135 and the water supply apparatus 1014.

Further, for example, 1n a fuel cell apparatus disclosed 1n
Japanese Laid-Open Patent Publication No. 2006-140164, as
shown 1n FIG. 12, a package 1021 1s provided, and a purifier
1022, an 10n exchanger 1023, and a desulfurizer 1024 are
provided adjacent to a front panel 1025 serving as an outer
panel of the package 1021. The purnfier 1022, the 1on
exchanger 1023, and the desulturizer 1024 are components
that require maintenance.

Thus, the components that require maintenance are not
provided iside the package 1021, but provided adjacent to
the front panel 1025 serving as the outer profile of the appa-
ratus body. According to the disclosure, 1n the structure,
maintenance of the components that requires replacement,
regeneration or the like for continuing operation of the fuel
cell apparatus can be carried out easily.

SUMMARY OF INVENTION

In Japanese Laid-Open Patent Publication No. 2003-
297409, the control device 1003 and the fuel cell 1004 are
provided on the lateral bar 10015 1n the middle stage of the
frame 1001 such that the back sides of the control device 1003
and the fuel cell 1004 face each other. In the structure, when
the fuel cell 1004 requires maintenance, the control device
1003 needs to be removed, or the fuel cell 1004 needs to be
accessed from the side opposite to the control device 1003.
Theretfore, the maintenance operation 1s considerably com-
plicated, and the maintenance performance 1s low.

Further, in Japanese Laid-Open Patent Publication No.
2006-086017, the fuel cell 1012 and the fuel reformer are
provided at upper positions of the case 1011. The power
converter 1015, the water supply apparatus 1014, and the gas
supply apparatus 1013 are provided at lower positions of the
case 1011. In the layout, when the power converter 1015, the
water supply apparatus 1014, and the gas supply apparatus
1013 require maintenance, the operator needs to work under
the case 1011. Therefore, the maintenance performance 1s
low.

Further, in Japanese Laid-Open Patent Publication No.
2006-140164, the punifier 1022, the 10on exchanger 1023, and
the desulfurizer 1024 are provided adjacent to the front panel
1025 of the package 1021. In the structure, the layout of the
components in the package 1021 cannot be determined freely,
and the maintenance performance of electrical components 1s
low.

The present invention has been made taking the problems
of this type 1nto account, and an object of the present mven-
tion 1s to provide a fuel cell system having a simple and
compact structure in which maintenance of components in a
casing can be performed easily, and improvement in the main-
tenance performance can be achieved suitably. The present
invention relates to a fuel cell system including a fuel cell
module, a combustor, a fuel gas supply apparatus, an oxygen-
containing gas supply apparatus, a water supply apparatus, a
power converter, a control device, and a casing containing the
tuel cell module, the combustor, the fuel gas supply appara-
tus, the oxygen-containing gas supply apparatus, the water
supply apparatus, the power converter, and the control device.
The fuel cell module generates electrical energy by electro-
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chemical reactions of a fuel gas and an oxygen-containing
gas. The combustor raises the temperature of the fuel cell
module. The fuel gas supply apparatus supplies the fuel gas to
the fuel cell module. The oxygen-containing gas supply appa-
ratus supplies the oxygen-containing gas to the fuel cell mod-
ule. The water supply apparatus supplies water to the tuel cell
module. The power converter converts direct current electri-
cal energy generated in the fuel cell module to electrical
energy according to requirements specification. The control
device controls the amount of electrical energy generated 1n
the tuel cell module. The casing includes a casing body and a
slide door that 1s slidable with respect to the casing body, and
the power converter and the control device are attached onto
the slide door.

In the present invention, the slide door can slide with
respect to the casing body, and the power converter and the
control device are attached to the slide door. In the structure,
simply by sliding the slide door, the maintenance operation of
the power converter and the control device can be performed.
Further, maintenance operation of other components placed
inside the power converter and the control device can be
performed easily. Thus, with simple and compact structure,
maintenance operation of the components 1n the casing 1s
performed easily, and improvement 1n the maintenance per-
formance 1s achieved.

The above and other objects, features, and advantages of
the present invention will become more apparent from the
tollowing description when taken in conjunction with the
accompanying drawings in which preferred embodiments of
the present invention are shown by way of illustrative
example.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view schematically showing a fuel
cell system according to a first embodiment of the present
imnvention;

FIG. 2 1s a plan view showing the fuel cell system:;

FI1G. 3 1s a front view showing the fuel cell system:;

FI1G. 4 1s a circuit diagram showing the fuel cell system:;

FIG. 5 1s a fragmentary perspective view showing the fuel
cell system:;

FIG. 6 1s a perspective view schematically showing a fuel
cell system according to a second embodiment of the present
invention;

FI1G. 7 1s a perspective view schematically showing a fuel
cell system according to a third embodiment of the present
invention;

FIG. 8 1s a front view showing the fuel cell system:;

FIG. 9 1s a perspective view schematically showing a fuel
cell system according to a fourth embodiment of the present
imnvention;

FI1G. 10 1s a perspective view schematically showing a fuel
cell power supply apparatus disclosed in Japanese Laid-Open
Patent Publication No. 2003-297409;

FI1G. 11 1s a perspective view schematically showing a fuel
cell power generator apparatus disclosed 1n Japanese Laid-
Open Patent Publication No. 2006-086017; and

FI1G. 12 1s a partially exploded perspective view showing a
tuel cell apparatus disclosed in Japanese Laid-Open Patent

Publication No. 2006-140164.

DESCRIPTION OF EMBODIMENTS

As shown 1n FIGS. 1 to 3, a fuel cell system 10 according
to a first embodiment of the present invention 1s used in
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4

various applications, including stationary and mobile appli-
cations. For example, the fuel cell system 10 1s mounted 1n a
vehicle.

The tuel cell system 10 includes a fuel cell module 12 for
generating electrical energy in power generation by electro-
chemical reactions of a fuel gas (hydrogen gas) and an oxy-
gen-containing gas (air), a combustor 14 for raising the tem-
perature of the fuel cell module 12, a fuel gas supply
apparatus (including a fuel gas pump) 16 for supplying the
tuel gas to the fuel cell module 12, an oxygen-containing gas
supply apparatus (including an air pump) 18 for supplying an
oxygen-containing gas to the fuel cell module 12, a water
supply apparatus (including a water pump) 20 for supplyving
water to the fuel cell module 12, a power converter 22 for
converting the direct current electrical energy generated 1n the
fuel cell module 12 to electrical energy according to the
requirements specification, and a control device 24 for con-
trolling the amount of electrical energy generated 1n the fuel
cell module 12. The fuel cell module 12, the combustor 14,
the fuel gas supply apparatus 16, the oxygen-containing gas
supply apparatus 18, the water supply apparatus 20, the power
converter 22, and the control device 24 are disposed in a
single casing 26.

As shown 1n FIG. 3, the fuel cell module 12 includes a fuel
cell stack 34 formed by stacking a plurality of solid oxide fuel
cells 32 1n a vertical direction. The fuel cells 32 are formed by
stacking electrolyte electrode assemblies 28 and separators
30. Though not shown, each of the electrolyte electrode
assemblies 28 includes a cathode, an anode, and a solid elec-
trolyte (solid oxide) interposed between the cathode and the
anode. For example, the electrolyte 1s made of ion-conductive
solid oxide such as stabilized zircoma.

At an upper end of the fuel cell stack 34 1n the stacking
direction, a heat exchanger 36 for heating the oxygen-con-
taining gas before the oxygen-containing gas 1s supplied to
the fuel cell stack 34, an evaporator 38 for evaporating water
to produce a mixed fuel of a raw fuel (e.g., city gas) chiefly
containing hydrocarbon and water vapor, and a reformer 40
for reforming the mixed fuel to produce a reformed gas are
provided.

Instead of adopting the above layout, the heat exchanger
36, the evaporator 38, and the reformer 40 may be provided at
a lower end of the fuel cell stack 34. In this case, the position
of the combustor 14 1s also reversed. Moreover, various lay-
outs can be adopted. For example, the combustor 14, the fuel
cell stack 34, the heat exchanger 36, the evaporator 38, and the
reformer 40 may be provided on any of the upper side, the
lower side, the lett side, and the right side. The reformer 40 1s
a preliminary reformer for reforming higher hydrocarbon
(C,.) such as ethane (C,H), propane (C;Hy), and butane
(C,H,,) contained 1n the city gas, into raw fuel gas chiefly
containing methane (CH,), by steam reforming. The operat-
ing temperature of the reformer 40 1s several hundred © C.

The operating temperature of the fuel cell 32 1s high, at
several hundred © C. In the electrolyte electrode assembly 28,
methane 1n the fuel gas 1s reformed to obtain hydrogen, and
the hydrogen 1s supplied to the anode.

In the heat exchanger 36, a consumed reactant gas dis-
charged from the fuel cell stack 34 (heremafter also referred
to as an exhaust gas or a combustion exhaust gas) and air as a
fluid to be heated flow in a counterflow manner thereby for
heating the air.

As shown 1n FIG. 4, the fuel gas supply apparatus 16 is
connected to a raw fuel channel 42, and a raw fuel branch
channel 46 1s connected to a position in the middle of the raw
tuel channel 42 through a switching valve 44. The raw fuel
branch channel 46 i1s connected to the combustor 14. The
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oxygen-containing gas supply apparatus 18 1s connected to
the air supply pipe 48, and the air branch channel 52 1s
connected to a switching valve 50 provided at a position 1n a
middle of the air supply pipe 48. The air branch channel 52 1s
connected to the combustor 14.

For example, the combustor 14 has a burner, and as
described above, the raw fuel and the air are supplied to the
combustor 14. Instead of the burner, other means (e.g., elec-
tric heater) may be adopted. In this case, the raw fuel, the air,
and electricity should be supplied selectively as necessary.
The water supply apparatus 20 1s connected to a water chan-
nel 54. The fuel cell module 12 and the combustor 14 are
surrounded by heat insulating material 55 (see FIG. 3).

As shown 1n FIG. 4, the tuel gas supply apparatus 16, the
oxygen-containing gas supply apparatus 18, and the water
supply apparatus 20 are controlled by the control device 24. A
detector 56 for detecting the fuel gas 1s electrically connected
to the control device 24. For example, a commercial power
source 58 (or other components such as a load or a secondary
battery) 1s connected to the power converter 22.

As shown 1n FIGS. 1 to 3, the casing 26 includes a casing,
body 62 having an opening 60 at least on one surface (on a
front surface), and a slide door 64 attached to the casing body
62. The opening 60 can be opened/closed by the slide door 64.
The slide door 64 1s slidable with respect to the casing body
62 1n directions indicated by arrow A through guide members
66, 68 made up of a pair of upper and lower slide rails or the
like extending horizontally (see FIG. 1).

The guide members 66, 68 include unillustrated stoppers.
By releasing the stoppers, the slide door 64 can be removed
from the guide members 66, 68. That 1s, the slide door 64 1s
attachable to and detachable from the casing body 62. The
guide members 66, 68 may comprise various slider structures
such as door rollers or door bearings, 1n addition to the slide
rails.

The space 1n the casing body 62 1s divided 1nto a module
section 74, a fluid supply section 76, and an electrical equip-
ment section 78. It 1s sufficient that the module section 74, the
fluid supply section 76, and the electrical equipment section
78 are provided as separate spaces. Partition plates or the like
may be provided as necessary. In FIGS. 1 to 3, the module
section 74 1s provided on the left side 1n the casing body 62,
whereas the fluid supply section 76 and the electrical equip-
ment section 78 are provided on the right side (lateral side) in
the casing body 62. The fluid supply section 76 and the
clectrical equipment section 78 are provided 1n parallel to
cach other. The fluid supply section 76 1s provided on the back
side 1n the casing body 62, and the electrical equipment
section 78 1s provided on the front side.

The fuel cell module 12 and the combustor 14 are placed in
the module section 74. The fuel cell module 12 1s provided
above the combustor 14.

The fuel gas supply apparatus 16, the oxygen-containing,
gas supply apparatus 18, the water supply apparatus 20, and
the detector 56 are placed 1n the fluid supply section 76. The
water supply apparatus 20 1s provided at the lowermost posi-
tion of the fluid supply section 76. The oxygen-containing gas
supply apparatus 18 1s disposed above the water supply appa-
ratus 20, the fuel gas supply apparatus 16 1s disposed above
the oxygen-containing gas supply apparatus 18, and the
detector 56 1s disposed above the fuel gas supply apparatus
16. For example, the oxygen-containing gas supply apparatus
18, the fuel gas supply apparatus 16, and the detector 56 are
placed on supporting plates 79a, 79b, and 79c¢, respectively
(see FIG. 1).

The power converter 22 and the control device 24 are
placed 1 the electrical equipment section 78. The power
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converter 22 and the control device 24 are fixed onto an 1nner
panel 64a of the slide door 64. The power converter 22 1s
provided above the control device 24. The power converter 22
1s connected to a wire 80, which 1s connected to a detachable
wire connector 82. The control device 24 1s connected to a
wire 84, which 1s connected to a detachable wire connector
86. The slide door 64 further includes an outer panel 645
which 1s attachable to and detachable from the slide door 64.

As shown 1n FIGS. 1 and 5, the wire connectors 82, 86
include first connectors 82a, 86a connected to the wires 80,
84 and which are fixed onto a side portion of the slide door 64,
and second connectors 825, 865 fixed onto a side portion of
the casing body 62. When the slide door 64 slides 1n the
directions indicated by arrow A, the first connectors 82a, 86a
are attached to/detached from the second connectors 825,
86b. The slide door 64 slides toward the opposite side to the
module section 74.

Though not shown, the casing 26 may be supported on a
rotation table or a slide rail to adopt a movable structure.

Operation of the fuel cell system 10 will be described
below.

As shown 1n FIG. 4, by operation of the fuel gas supply
apparatus 16, for example, a raw fuel such as the city gas
(including CH,, C,H,, C;H,, C,H,,) 1s supplied to the raw
fuel channel 42. Further, by operation of the water supply
apparatus 20, water 1s supplied to the water channel 54, and
by operation of the oxygen-containing gas supply apparatus
18, the oxygen-containing gas such as the air 1s supplied to the
air supply pipe 48.

As shown in FIG. 3, 1n the evaporator 38, the raw fuel
flowing through the raw fuel channel 42 1s mixed with the
water vapor, and a mixed fuel 1s obtained. The mixed fuel 1s
supplied to the inlet of the reformer 40. The mixed fuel
undergoes steam reforming in the reformer 40. Thus, hydro-
carbon of C,_ 1s removed (reformed), and a reformed gas
(fuel gas) chiefly containing methane 1s obtained. The
reformed gas flows through the outlet of the reformer 40, and
the reformed gas 1s supplied to the fuel cell stack 34.

Thus, the methane 1n the reformed gas 1s reformed, and
hydrogen gas 1s obtained. The fuel gas chiefly containing the
hydrogen gas 1s supplied to the anodes (not shown).

The air supplied from the air supply pipe 48 to the heat
exchanger 36 moves along the heat exchanger 36, and is
heated to a predetermined temperature by heat exchange with
the exhaust gas as described later. The air heated by the heat
exchanger 36 1s supplied to the fuel cell stack 34, and the air
1s supplied to the cathodes (not shown).

Thus, 1n each of the electrolyte electrode assemblies 28, by
clectrochemical reactions of the fuel gas and the air, power
generation 1s performed. The hot exhaust gas (several hun-
dred © C.) discharged to the outer circumierential region of
cach of the electrolyte electrode assemblies 28 tlows through
the heat exchanger 36, and heat exchange with the air 1s
carried out. The air 1s heated to a predetermined temperature,
and the temperature of the exhaust gas 1s decreased.

The exhaust gas 1s supplied to the evaporator 38, and
evaporates the water passing through the water channel 54.
After the exhaust gas passes through the evaporator 38, the
exhaust gas 1s discharged to the outside.

In the first embodiment, the casing body 62 has the slide
door 64 which 1s slidable with respect to the casing body 62 1n
the directions indicated by arrow A. Further, the power con-
verter 22 and the control device 24 are attached onto the slide
door 64. In the structure, as shown 1n FIG. 1, when the slide
door 64 slides 1n a direction to separate away from the module
section 74 thereby to open the opening 60, the power con-
verter 22 and the control device 24 accordingly move to the
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outside of the casing body 62. Thus, when the outer panel 6456
1s removed, maintenance operation of the power converter 22
and the control device 24 can be performed easily.

Further, when the slide door 64 1s slid, the fluid supply
section 76 1s accessible from the front face of the casing body
62, 1.c., through the opening 60. Specifically, the power con-
verter 22 and the control device 24 provided on the front side
of the fluid supply section 76 move to the outside together
with the slide door 64. Therefore, maintenance operation of
the fuel gas supply apparatus 16, the oxygen-containing gas
supply apparatus 18, the water supply apparatus 20, and the
detector 56 provided in the fluid supply section 76 can be
performed easily because the fluid supply section 76 and the
clectrical equipment section 78 are provided on the lateral
side of the module section 74 such that the fluid supply
section 76 1s provided on the back side, whereas the electrical
equipment section 78 1s provided on the front side.

Further, maintenance operation of the fuel cell module 12
or the like provided in the module section 74 can be per-
tormed suitably because the slide door 64 moves to the oppo-
site side of the module section 74.

Thus, with simple and compact structure, maintenance
operation ol components in the casing body 62 can be per-
formed easily and reliably, and improvement in the mainte-
nance performance 1s achieved.

Further, the power converter 22 1s provided above the con-
trol device 24. In the structure, the control device 24 1s pro-
vided at a lower position of the fuel cell system 10. When the
tuel cell system 10 gets wet, firstly, operation of the control
device 24 1s stopped. Thus, overall operation of the fuel cell
system 10 1s stopped.

The slide door 64 1s slidable horizontally, and includes the
wire connectors 82, 86, to which the wires 80, 84 of the power
converter 22 and the control device 24 are detachably con-
nected respectively. The wire connectors 82, 86 include the
first connectors 82a, 86a connected to the wires 80, 84 and
which are fixed onto the slide door 64, and the second con-
nectors 825, 865 fixed onto the casing body 62 side.

Thus, 11 the slide door 64 is slid 1n a direction to open the
opening 60, then the first connectors 82a, 86a, which are fixed
onto the slide door 64, are detached from the second connec-

tors 8256, 86b, which are fixed onto the casing body 62. In
contrast, 1f the slide door 64 1s slid 1n a direction to close the
opening 60, then the first connectors 82a, 86a are connected
to the second connectors 825, 865. Therefore, maintenance
operation of the power converter 22 and the control device 24
can be performed easily and swiitly.

Further, 1n the state where the power converter 22 and the
control device 24 are attached to the slide door 64, the slide
door 64 can be detached from the casing body 62 through the
guide members 66, 68. In this manner, improvement 1n the
maintenance performance of the power converter 22 and the
control device 24 1s achieved suitably.

Further, the water supply apparatus 20 1s provided at least
below the fuel gas supply apparatus 16. In the first embodi-
ment, the water supply apparatus 20 1s provided at the low-
ermost position of the fluid supply section 76. In the structure,
even 1f water leakage occurs 1n the water supply apparatus 20,
the tuel gas supply apparatus 16 and the oxygen-containing,
gas supply apparatus 18 do not get wet.

Further, the tuel gas supply apparatus 16 1s provided above
the oxygen-containing gas supply apparatus 18. The oxygen-
containing gas supply apparatus 18 has an air pump, and the
tuel gas supply apparatus 16 has a fuel gas pump. In particu-
lar, 1n the case where the fuel cell system 10 has a large A/F
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(air/fuel gas) ratio, the volume of the air pump 1s larger than
the volume of the fuel gas pump, and the air pump has a large
weight.

Thus, by providing the oxygen-containing gas supply
apparatus 18 below the fuel gas supply apparatus 16, stability
in the layout of the components 1s improved. Further, even 1f
leakage of the tuel gas from the fuel gas supply apparatus 16
occurs, 1t1s possible to prevent the fuel gas from being sucked
into the oxygen-containing gas supply apparatus 18.

Further, the fuel cell system 10 has the detector 56 for
detecting the fuel gas, and the detector 56 1s provided above
the ftuel gas supply apparatus 16. In the first embodiment, the
detector 56 1s provided at the uppermost position of the tfluid
supply section 76. In the structure, even i1f leakage of the fuel
gas from the fuel gas supply apparatus 16 occurs, the gas
leakage can be detected rapidly and reliably by the detector
56.

Further, 1t 1s preferable that the fuel cell module 12 adopts
a high temperature fuel cell system, for example, a solid oxide
tuel cell (SOFC) module. In this case, the desired advantages
are obtained.

FIG. 6 1s a perspective view schematically showing a fuel
cell system 100 according to a second embodiment of the
present invention.

The constituent elements that are identical to those of the
tuel cell system 10 according to the first embodiment are
labeled with the same reference numerals, and descriptions
thereof will be omitted. Further, also in third and later
embodiments, the constituent elements that are identical to
those of the fuel cell system 10 according to the first embodi-
ment are labeled with the same reference numerals, and
descriptions thereof will be omatted.

The fuel cell system 100 includes a casing 102, and the
casing 102 has a casing body 104 and a slide door 106 that 1s
slidable with respect to the casing body 104 1n vertical direc-
tions indicated by arrow B.

The slide door 106 slides under guiding action of gude
members 108, 110 extending vertically at right and left sides
thereof. The guide members 108, 110 have stoppers (not
shown) for fixing the slide door 106 at a certain height and
which enable the slide door 106 to be attached thereto and
detached therefrom.

Inside the slide door 106, the power converter 22 and the
control device 24 are installed. At an outer surface of the slide
door 106, an outer panel (decorative plate) 1065 1s detachably
provided so as to cover the power converter 22 and the control
device 24.

The wire 80 connected to the power converter 22 1s con-
nected to a detachable wire connector 112, whereas the wire
84 connected to the conftrol device 24 1s connected to a
detachable wire connector 114. The wire connectors 112, 114
includes first connectors 112q, 114a connected to the wires
80, 84 and which are fixed onto a lower portion of the slide
door 106, and second connectors 11254, 11454 fixed onto a
bottom portion of the casing body 62. When the slide door
106 slides 1n directions indicated by arrow B, the first con-
nectors 112a, 114a are automatically attached to/detached
from the second connectors 1125, 1145.

The second embodiment 1s similar 1n construction to the
first embodiment except that the slide door 106 slides verti-
cally. Thus, advantageously the second embodiment can suit-
ably handle with a case where the casing 102 does not have
enough space therein particularly 1n the directions indicated
by arrow A.

FIG. 7 1s a perspective view schematically showing a fuel
cell system 140 according to a third embodiment of the
present invention.
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The tuel cell system 140 includes a casing 142, and the
space 1n the casing 142 1s divided into a module section 74, a
first fluid supply section 76a, a second fluid supply section
760, and an electrical equipment section 78. The water supply
apparatus 20, the fuel gas supply apparatus 16, and the detec-
tor 56 are provided in the first fluid supply section 764, and the
oxygen-containing gas supply apparatus 18 1s placed 1n the
second fluid supply section 765. The second fluid supply
section 765 1s provided under the module section 74 (see

FIGS. 7 and 8).

The casing 142 has a casing body 144 and a slide door 64
that 1s slidable with respect to the casing body 144 1n direc-
tions indicated by arrow A. The slide door 64 1s guided by
guide members 66, 68.

In the third embodiment, the same advantages as in the case
of the first embodiment are obtained.

FIG. 9 15 a perspective view schematically showing a fuel
cell system 160 according to a fourth embodiment of the
present invention.

The fuel cell system 160 includes a casing 162, and the
casing 162 has a casing body 164 and a slide door 106 that 1s
slidable with respect to the casing body 164 1n vertical direc-
tions through guide members 108, 110. The power converter
22 and the control device 24 are fixed inside of the slide door
106, and wire connectors 112, 114 are further provided.

In the fourth embodiment, the same advantages as 1n the
case of the second embodiment are obtained.

While the invention has been particularly shown and
described with reference to preferred embodiments, 1t will be
understood that variations and modifications can be effected
thereto by those skilled 1n the art without departing from the
scope of the invention as defined by the appended claims.

The mvention claimed 1s:

1. A fuel cell system comprising:

a fuel cell module for generating electrical energy by elec-
trochemical reactions of a fuel gas and an oxygen-con-
taining gas;

a combustor for raising the temperature of the fuel cell
module;

a Tuel gas supply apparatus for supplying the tuel gas to the
fuel cell module;

an oxygen-containing gas supply apparatus for supplying
the oxygen-containing gas to the fuel cell module;

a water supply apparatus for supplying water to the fuel cell
module;

a power converter for converting direct current electrical
energy generated in the fuel cell module to electrical
energy according to requirements specification;

a control device for controlling the amount of electrical
energy generated 1n the fuel cell module; and

a casing containing the fuel cell module, the combustor, the
fuel gas supply apparatus, the oxygen-containing gas
supply apparatus, the water supply apparatus, the power
converter, and the control device,

wherein the casing includes a casing body defining an
inferior and an opening, and a slide door that 1s slidable
with respect to the casing body to open/close the open-
ing of the casing body, the slide door 1s slidable between
an open position at which the opening of the casing body
1s opened and a closed position at which the opening of
the casing body 1s closed, the slide door having an inner
surface facing the interior of the casing body when the
slide door 1s 1n the closed position, and an outer surface
opposite to the inner surface;

the power converter and the control device are attached
onto the outer surface of the slide door; and
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the casing further includes an outer panel detachably pro-
vided on the outer surface of the slide door to cover the
power converter and the control device, and the outer
panel 1s detachable from the outer surface of the slide
door to uncover the power converter and the control
device while the slide door 1s 1n the closed position.

2. The tuel cell system, comprising:

a Tuel cell module for generating electrical energy by elec-
trochemical reactions of a fuel gas and an oxygen-con-
taining gas;

a combustor for raising the temperature of the fuel cell
module;

a fuel gas supply apparatus for supplying the tuel gas to the
fuel cell module;

an oxygen-containing gas supply apparatus for supplying
the oxygen-containing gas to the fuel cell module;

a water supply apparatus for supplying water to the fuel cell
module:

a power converter for converting direct current electrical
energy generated in the fuel cell module to electrical
energy according to requirements specification;

a control device for controlling the amount of electrical
energy generated 1n the fuel cell module; and

a casing containing the fuel cell module, the combustor, the
fuel gas supply apparatus, the oxygen-containing gas
supply apparatus, the water supply apparatus, the power
converter, and the control device,

wherein the casing includes a casing body and a slide door
that 1s slidable with respect to the casing body;

the power converter and the control device are attached
onto the slide door; and

the power converter 1s provided above the control device.

3. The fuel cell system according to claim 1, wherein the
slide door 1s slidable horizontally or vertically;

the slide door includes wire connectors for detachably
connecting wires of the power converter and the control
device to the wire connectors; and

the wire connectors includes:

first connectors to which the wires of the power converter
and the control device are connected and which are fixed
onto the slide door; and

second connectors fixed onto the casing body side, wherein
when the slide door slides, the first connectors are
attached to/detached from the second connectors.

4. The fuel cell system according to claim 1, wherein the
slide door 1s detachable from the casing body 1n a state where
the power converter and the control device are attached onto
the slide door.

5. The fuel cell system according to claim 1, wherein the
casing includes therein:

a module section where the fuel cell module 1s provided;

a fluid supply section where at least the fuel gas supply
apparatus and the water supply apparatus are provided;
and

an electrical equipment section where the power converter
and the control device are provided, and

wherein the fluid supply section and the electrical equip-
ment section are arranged 1n parallel on a lateral side of
the module section such that the fluid supply section 1s
provided on the back side and the electrical equipment
section 1s provided on the front side; and

components of the electrical equipment section are
attached onto the slide door, and the slide door slides
toward an opposite side to the module section.

6. The fuel cell system according to claim 1, wherein the

water supply apparatus 1s provided at least below the fuel gas
supply apparatus.
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7. The fuel cell system according to claim 1, wherein the
tuel gas supply apparatus 1s provided above the oxygen-
containing gas supply apparatus.

8. The tuel cell system according to claim 1, further com-
prising a detector for detecting the fuel gas, wherein the
detector 1s provided above the fuel gas supply apparatus.

9. The fuel cell system according to claim 1, wherein the
tuel cell module 1s a solid oxide fuel cell module.

10. The fuel cell system according to claim 9, wherein the
solid oxide fuel cell module comprises:

a solid oxide fuel cell stack formed by staking a plurality of
solid oxide fuel cells, the solid oxide fuel cells each
including at least an electrolyte electrode assembly and
a separator stacked together, the electrolyte electrode
assembly including an anode, a cathode, and an electro-
lyte interposed between the anode and the cathode;

a heat exchanger for heating an oxygen-containing gas
betore the oxygen-containing gas 1s supplied to the solid
oxide fuel cell stack;

an evaporator for evaporating water to produce a mixed
fuel of a raw fuel chiefly containing hydrocarbon and
water vapor; and

a reformer for reforming the mixed fuel to produce a
reformed gas.

11. The fuel cell system according to claim 1, wherein the

slide door entirely closes the casing body opening when the
slide door 1s 11 the closed position.

10

15

20

25

12

12. The fuel cell system according to claim 1, wherein the
slide door 1s slidable horizontally or vertically;

the slide door includes wire connectors for detachably

connecting wires of the power converter and the control
device to the wire connectors; and

the wire connectors include:

first connectors to which the wires of the power converter

and the control device are connected and which are fixed
onto the slide door; and

second connectors fixed onto the casing body side, wherein

when the slide door slides, the first connectors are
attached to/detached from the second connectors,
wherein the first connectors and second connectors are
provided such that the first connectors are attached to the
second connectors when the slide door 1s 1n the closed
position, and the first connectors are detached from the
second connectors when the slide door 1s moved away
from the closed position toward the open position.

13. The fuel cell system according to claim 1, wherein the
power converter and the control device are contained within
the slide door.

14. The fuel cell system according to claim 2, wherein the
control device 1s disposed at a lower position of the fuel cell
system such that, when the fuel cell system gets wet, opera-
tion of the control device 1s stopped first.
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